###### Key questions

What is already known?
======================

-   Low-income countries are undergoing an epidemiological transition from infectious to non-communicable diseases.

-   However, this phenomenon is yet to be examined with long-term data on morbidity.

What are the new findings?
==========================

-   Using high-quality disease morbidity data over a decade, we provide novel data showing evidence for an epidemiological transition whereby emergency consultations for non-communicable diseases increased, overtaking infectious conditions as causes of emergency medical care in a large Sub-Saharan African city.

-   In women, there was evidence that non-communicable conditions were already the primary causes of emergency consultations by 2010 while a similar trend was observed in men although infectious diseases continued to be more important even in 2014.

What do the new findings imply?
===============================

-   These data suggest a need for a focused reorientation of healthcare policy to combat the rising burden of non-communicable disease in Sub-Saharan Africa.

-   By depicting age-stratified and sex-stratified patterns of healthcare utilisation in a leading centre for emergency department services, it is better able to show changes in the relative burden of different diseases in order to anticipate future trends and therefore provides a roadmap for healthcare planning and resource allocation.

Introduction {#s1}
============

Non-communicable diseases are the leading causes of death in high-income countries,[@R1] while both non-communicable and infectious diseases co-exist in low and middle-income countries. Recent data highlight the increasing contribution of non-communicable diseases to burden of disease in low-income countries.[@R2] It has also been shown that the epidemiological transition has occurred in Ghana and factors other than socioeconomic status and drinking water source are responsible for the observed declines in mortality and fertility observed during the protracted epidemiological transition.[@R2] However, most of the evidence for this 'epidemiological transition' comes from data on mortality as morbidity outcomes are poorly measured, particularly in Africa where the infrastructure does not allow accurate assessment of disease prevalence. Sub-Saharan Africa suffers from an acute lack of data, as highlighted by the recent Global Burden of Disease (GBD) studies. Data on morbidity outcomes is mostly confined to records from individual hospitals[@R3] or autopsy reports[@R5] which are on a small number of patients. Besides the mortality burden, better understanding changes in morbidity patterns is essential for effective healthcare policy.

Africa is undergoing rapid urbanisation and is therefore poised to witness major population shifts with over 50% of the population living in urban areas by 2030. Nearly a billion people will be living in urban areas, requiring appropriate redirection of public health measures.**[@R6]** The aim of the present study was to characterise changes in morbidity over a 10-year period in Dakar, Senegal. We used high quality data over time derived from consecutive visits to the SOS Medecins---the largest emergency service (\>100 000) in a Sub-Saharan African city. Standardised case definitions as well as International Classification of Diseases (ICD-10) classification ensure robust, detailed data on underlying reason for the medical consultation. The analysis of trends in disease over a decade aims to examine whether the epidemiological transition observed for mortality also applies to morbidity.

Methods {#s2}
=======

Data {#s2-1}
----

We extracted data on all emergency medical consultations over a 10-year period (from 1 January 2005 to 31 December 2014) using records of SOS Medecins, the largest provider of such services in Senegal. This service was established in 1997, and it maintains rigorous standards, with an ISO9001 international quality certification. SOS Medecins Dakar is operational at all times (24 hours a day, 7 days a week) and comprises 8 emergency physicians, 11 anaesthesiologists and 4 cardiologists. It offers mobile emergency consultations and ambulance transport with a physician or paramedic. A standardised protocol is used to document each consultation, details are entered into the SOS Medecins database by the attending doctor creates who enters a provisional diagnosis. Three days later, a final diagnosis is ascertained using additional data (phone-call to discharged patients and review of medical record). Persons who died after admission or after a home-based consultation were not included in this study. SOS Medecins is recommended by most embassies, international medical assistance companies and other international organisations. The SOS Medecins database is a robust source of information on patients who seek emergency care for diverse medical conditions in Dakar.

Statistical analyses {#s2-2}
--------------------

For this study, data for all consecutive medical consultations handled by SOS Medecins in Dakar were obtained by a dedicated team of physician researchers. Comprehensive demographic information, including age, ethnicity (African vs other (American, Asian, European, other)), sex and instigator of the consultation (family or patient) were collected. The type of service provided (telephone consultation, home visit to see the patient, ambulance transport, emergency transport) were also obtained. For our analyses, the final diagnosis with an ICD-10 classification were then assigned to three broad groups: 'infectious' (respiratory infections, gastroenteritis/diarrhoea, malaria and other infectious diseases), 'non-communicable' (cardiovascular disease, neurological and psychiatric conditions, non-communicable non-infective pulmonary and gastrointestinal disorders) and 'other' (mainly trauma and accidents/injuries).

While data were obtained on patients of all ethnic origins, the focus of our analyses on the epidemiological transition was restricted to data from Africans. We first examined the unadjusted rates of consultations for non-communicable, infectious and other diseases over the entire observation period in women and men as a function of age in 10-year bands. We then examined unadjusted rates of the three main disease categories for each year between 2005 and 2014.

We used a generalised Poisson mixed model (corrected for over dispersion) to quantify the yearly rate ratios of non-communicable compared with infectious disease diagnosis in the consultations over the 10-year period (2005 to 2014). These models take into account the correlation between multiple consultations by patients over the 10-year period. The total number of diagnoses was used as the offset in the Poisson model. The covariates in the model included age of the patient (10-year bands), sex and year of consultation (2005 to 2014). In further analyses, analysis stratified by sex, age group (\<40, 40--70 and \>70 years) and time-period was conducted and an interaction term used to assess differences between sub-groups. All statistical analyses were performed at the Paris Cardiovascular Research Center (Inserm U970) using SAS V.9.4.

Patient and public Involvement statement {#s2-3}
----------------------------------------

Patients were not involved in the study.

Results {#s3}
=======

The study flowcharts is detailed in [online supplementary figure 1](#SP1){ref-type="supplementary-material"}. A total of 108 736 medical consultations were undertaken by SOS Medecins in Dakar over the 10-year observation period. Consultations with missing and/or incomplete data on sex of the patient (n=181), age (n=570), instigator of the consultation (n=965) and diagnosis for the consultation (n=8587) were excluded from the analyses. The follow-up success rate for final diagnosis 3 days later, was close to 100%. Complete data were obtained from a total of 98 433 consultations, out of which 49 702 consultations were by patients who were African. Demographic data are shown in [table 1](#T1){ref-type="table"}. The mean age of patients was 36.5±23.2 and 34.8±24.3 years for African women and men, respectively, with 44.6% of these consultations being in men.

10.1136/bmjgh-2019-001396.supp1

###### 

Characteristics of consultations in an emergency medical centre in Dakar, Senegal

                                                                                                         ICD-10    Africans (n=49 702)   Other (n=48 731)                                                
  ------------------------------------------------------------------------------------------------------ --------- --------------------- ------------------ ---------- ---------------- ---------------- ----------
  Age at consultation, mean (SD)                                                                                   36.5 (23.0)           34.8 (24.3)        \<0.0001   30.0 (20.8)      29.7 (22.3)      \<0.0001
  ICD, n (%)                                                                                                                                                                                             
   Infectious and parasitic diseases                                                                     A00-B99   4049 (14.71)          3450 (15.56)       0.0084     5128 (20.87)     4879 (20.19)     0.0649
   Neoplasms                                                                                             C00-D48   11 (0.04)             4 (0.02)           0.1620     5 (0.02)         6 (0.02)         0.4718
   Diseases of the blood and blood-forming organs and certain disorders involving the immune mechanism   D50-D89   90 (0.33)             52 (0.23)          0.0550     20 (0.08)        23 (0.1)         0.6079
   Endocrine, nutritional and metabolic diseases                                                         E00-E90   374 (1.36)            340 (1.53)         0.1035     74 (0.3)         64 (0.26)        0.4513
   Mental and behavioural disorders                                                                      F00-F99   1456 (5.29)           487 (2.2)          \<0.0001   703 (2.86)       400 (1.66)       \<0.0001
   Diseases of the nervous system                                                                        G00-G99   314 (1.14)            319 (1.44)         0.0032     98 (0.4)         106 (0.44)       0.4952
   Diseases of the eye and adnexa                                                                        H00-H59   147 (0.53)            116 (0.52)         0.8687     204 (0.83)       212 (0.88)       0.5709
   Diseases of the ear and mastoid process                                                               H60-H95   497 (1.81)            441 (1.99)         0.1350     1135 (4.62)      1386 (5.74)      \<0.0001
   Diseases of the circulatory system                                                                    I00-I99   1058 (3.84)           933 (4.21)         0.0394     236 (0.96)       371 (1.54)       \<0.0001
   Diseases of the respiratory system                                                                    J00-J99   6739 (24.48)          5719 (25.79)       0.0008     7588 (30.88)     7337 (30.37)     0.2188
   Diseases of the digestive system                                                                      K00-K93   1032 (3.75)           859 (3.87)         0.4679     845 (3.44)       764 (3.16)       0.0874
   Diseases of the skin and subcutaneous tissue                                                          L00-L99   457 (1.66)            385 (1.74)         0.5124     856 (3.48)       975 (4.04)       0.0014
   Diseases of the musculoskeletal system and connective tissue                                          M00-M99   979 (3.56)            728 (3.28)         0.0967     774 (3.15)       787 (3.26)       0.5008
   Diseases of the genitourinary system                                                                  N00-N99   686 (2.49)            366 (1.65)         \<0.0001   765 (3.11)       546 (2.26)       \<0.0001
   Pregnancy, childbirth and the puerperium                                                              O00-O99   99 (0.36)             NA                 NA         42 (0.17)        NA               NA
   Congenital malformations, deformations and chromosomal abnormalities                                  Q00-Q99   1 (0)                 1 (0)              0.8782     0 (0)            0 (0)            /
   Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified               R00-R99   6739 (24.48)          4625 (20.86)       \<0.0001   3633 (14.79)     3404 (14.09)     0.0288
   Injury, poisoning and certain other consequences of external causes                                   S00-T98   1921 (6.98)           2471 (11.14)       \<0.0001   1778 (7.24)      2113 (8.75)      \<0.0001
   Factors influencing health status and contact with health services                                    Z00-Z99   880 (3.2)             873 (3.94)         \<0.0001   687 (2.8)        786 (3.25)       0.0032
  Diagnostic group, n (%)                                                                                                                                   \<0.0001                                     \<0.0001
   Non-communicable diseases                                                                                       11 036 (40.09)        7135 (32.18)       \<0.0001   5791 (23.57)     5320 (22.02)     \<0.0001
   Infectious diseases                                                                                             11 798 (42.86)        10 256 (46.25)     \<0.0001   15 540 (63.25)   15 232 (63.05)   0.6490
   Other diseases                                                                                                  4695 (17.05)          4782 (21.57)       \<0.0001   3240 (13.19)     3608 (14.93)     \<0.0001

\*P value of comparisons between men and women; the mapped ICD-10 to chronic disease is included in the online [supplementary data](#SP1){ref-type="supplementary-material"}.

ICD, International Classification of Diseases; NA, not applicable.

[Table 1](#T1){ref-type="table"} provides further detailed descriptive data on ICD-10 diagnostic categories, stratified by sex. These aggregate data from all 10 years of observation show infectious diseases to account for 42.86% of all consultations in female patients and 46.25% in male patients. Most consultations in Africans were instigated by family members (62.4% consultations in women and 59.7% in men), a smaller proportion by the patients themselves (18.5% consultations in women and 14.9% in men). Most of the care provided was handled by the emergency medical team, with about 10%--15% of cases transported to other locations, such as a hospital. For the overall study period, infections accounted for 42.9% and 46.3% of diagnoses in women and men, respectively. The corresponding prevalence for non-communicable conditions were 40.1% and 32.2%, respectively, while other conditions accounted for 17.1% and 21.6% in women and men, respectively.

We first examined all consultations in Africans grouped under infectious, non-communicable and other categories as a function of age of the patient, categorised in 10-year age bands. In both women and men ([figure 1](#F1){ref-type="fig"}, panels A and B, respectively), the primary cause of consultations at younger ages was infectious diseases with a transition to non-communicable diseases at older ages. These data show the transition to happen at the 40--49 age group in women (panel A) and the 50--59 age group in women (panel B). When men and women were combined ([online supplementary figure 2](#SP1){ref-type="supplementary-material"}), a similar pattern was observed with non-communicable diseases dominating the cause for consultation starting at the 40--49 age group.

![Broad diagnostic categories of emergency medical consultations by age-group in African women (PANEL A) and men (PANEL B). \*Data on 27,529 consultations in African women and 22,173 consultations in African men over a 10-year period.](bmjgh-2019-001396f01){#F1}

[Figure 2](#F2){ref-type="fig"} depicts the same data for each of the 10 years in the observation period in women (panel A) and men (panel B). These data show that the epidemiological transition had not yet occurred among men by 2014, for whom visits for infections declined over the observation period but were still more frequent than non-communicable conditions (panel B, [figure 1](#F1){ref-type="fig"}). Among women, the transition occurred around the year 2012, when visits for non-communicable conditions overtook infections (panel A, [figure 1](#F1){ref-type="fig"}). In analyses not stratified by sex ([online supplementary figure 3](#SP1){ref-type="supplementary-material"}), the data show gradual decline in consultations for infections while the proportion of consultations for non-communicable diseases increased gradually, with the two curves converging in 2014.

![Broad diagnostic categories of emergency medical consultations in African women (PANEL A) and men (PANEL B) over 10 years in Dakar, Senegal. \*Data on 27,529 consultations in African women and in 22,173 African men over a 10-year period.](bmjgh-2019-001396f02){#F2}

Multivariable Poisson regression analysis ([table 2](#T2){ref-type="table"}) showed that consultations were more likely to be for non-communicable compared with infectious diseases, with a 7% (95% CI 5% to 9%; p\<0.0001) increased risk with every passing year in the observation period (2005 to 2014). Women compared with men were more likely to consult for non-communicable condition; this excess risk was 29% (95% CI 18% to 40%). The consultations in older patients was also more likely to be for care of non-communicable compared with infectious conditions, with a 27% (95% CI 25% to 29%) increased risk for every 10-year age increment.

###### 

Poisson mixed model regression for excess risk of non-communicable compared with infectious diagnosis in emergency medical consultations between 2005 and 2014

                                                Risk ratio (95% CI)   P value
  --------------------------------------------- --------------------- ----------
  Year of consultation\*                        1.07 (1.05 to 1.09)   \<0.0001
  Female sex (vs male)                          1.29 (1.18 to 1.40)   \<0.0001
  Age of patient (10-year increment)            1.27 (1.25 to 1.29)   \<0.0001
  Analysis stratified by age-group of patient                         
   \<40 years                                                         
    Year of consultation\*                      1.07 (1.02 to 1.11)   0.003
    Female sex (vs male)                        1.58 (1.25 to 1.99)   \<0.0001
   40--69 years                                                       
    Year of consultation\*                      1.07 (1.04 to 1.10)   \<0.0001
    Female sex (vs male)                        1.27 (1.11 to 1.45)   0.005
   ≥70 years                                                          
    Year of consultation\*                      1.06 (1.02 to 1.11)   0.002
    Female sex (vs male)                        0.90 (0.73 to 1.11)   0.30

\*Each additional year in the 10-year observation window.

Analysis stratified by age group (\<40, 40--70 and \>70 years) showed a consistent increase in consultations for non-communicable disease over the study period, irrespective of the age of the patient ([table 2](#T2){ref-type="table"}, lower half). However, higher rates of consultations for non-communicable diseases in women were not observed in the ≥70 years age-group. When the analysis was restricted to only the first visit for each patient, similar results were obtained (data not shown). The changes across the 10 years on the percentages of each disease, in the overall population, and in Africans and non-Africans is presented in [online supplementary tables 1-3](#SP1){ref-type="supplementary-material"}, respectively. [Online supplementary table 4](#SP1){ref-type="supplementary-material"} presents the distribution over time of patients served by SOS Medecins, by ethnicity/race.

Discussion {#s4}
==========

This is the first study to systematically examine trends in morbidity over a decade in a large Sub-Saharan African city. Using data on consultations in a large, well-maintained medical emergency medical service in Dakar, we found in Africans (1) evidence for an epidemiological transition whereby emergency consultations for non-communicable diseases increased over the 10-year observation period, overtaking infectious conditions as causes of emergency medical care by the end of the observation period; (2) in women there was evidence that non-communicable conditions were already the primary causes of emergency consultations by 2010 while a similar trend was observed in men although infectious diseases continued to be more important even in 2014; (3) as expected, consultations in older patients were more likely to concern non-communicable diseases, with this transition evident in women starting at 40--49 years and a decade later in men.

Sex differences in the trends in non-communicable diseases could not be examined in further detail due to unavailability of data on explanatory factors such as health or self-care behaviours. The cause underlying the consultations show higher rates for injury/external causes in men which may well explain sex differences. Diseases of the respiratory system accounted for a quarter of all consultations in women (24.48%) and men (25.79%). The recent rapid expansion of African cities is set to pose unique challenges for the provision of healthcare, with ultimately more people living in urban rather than rural areas. Changes in lifestyle and additional risks due to poor urban planning and lack of facilities may leave large numbers of people vulnerable to a variety of pathologies. It is important to note, very little cancer and other high-burden non-communicable diseases are registered in this dataset. However, it is unclear whether cancer is primarily diagnosed in routine assessment or in emergency care in Sub-Saharan Africa. Our focus was consultations in emergency care, it is also possible that cancer prevalence is increasing in this region of the world.

The importance of our study on morbidity lies in the use of health resource utilisation rather than relying on self-report data morbidity or mortality data. Use of morbidity rather than mortality data to study the epidemiological transition in Africa provides a more accurate indicator of current medical resource utilisation and needs. It is also more logical that healthcare policy and allocation priorities should be driven by information derived from morbidity, which represents an opportunity to plan ahead and intervene early. Trends in mortality are also affected by parallel advances in therapy and management. The GBD 2013 study reported an increase of only 1% in age-standardised cardiovascular mortality over two decades in the Sub-Saharan African region. However, this figure conceals major changes in the pattern of cardiovascular disease occurring in this region.[@R7]

From a health perspective, Sub-Saharan Africa is one of the most vulnerable regions in the world due to worsening cardiovascular risk profile. In the past four decades, prevalence of hypertension decreased in high-income countries, such as North America and Europe, shifting these countries from the highest blood pressure strata in 1975 to the lowest by 2015. By contrast, in Sub-Saharan Africa, the number of adults with raised blood pressure has alarmingly increased from 0.59 to 1.13 billion between 1975 and 2015, especially in low-income and middle-income countries. During the same period, Africa and Sub-Saharan Africa in particular has witnessed an exponential rise in cardiovascular risk factors. Furthermore, premature cardiovascular mortality could reach 25% to 50% of all-cause mortality in these countries by 2025, if the prevalence of risk factors continues to rise, with hypertension being the number one risk factor. In Sub-Saharan Africa, the number of adults with raised blood pressure has alarmingly increased from 0.59 to 1.13 billion between 1975 and 2015, especially in low-income and middle-income countries. Paradoxically, it also the region where the least amount of data on health is available despite the need for such data for planning effective healthcare delivery. The GBD studies **[@R2]** are a valuable resource but they often rely on extrapolated estimates from across diverse healthcare environments to predict the incidence of a given disease in a region, especially for regions such as Sub-Saharan Africa. Few studies have systematic data to assess the epidemiological transition in morbidity patterns in Sub-Saharan Africa. Most studies are small scale and focus mainly on cardiovascular disease; examples are studies in Soweto, South Africa,[@R8] Nairobi, Kenya,[@R11] Nigeria,[@R12] Lome, Togo[@R4] and Ethiopia.**[@R13]** We took a systematic approach to the assessment of all medical consultations over a 10-year period in order to draw conclusions on the epidemiological transition in morbidity.

The present study has important public health implications.**[@R14]** By depicting age-stratified and sex-stratified patterns of healthcare utilisation in a leading centre for emergency department services, it is better able to show changes in the relative burden of different diseases in order to anticipate future trends and therefore provides a roadmap for healthcare planning and resource allocation. For instance, the WHO and UN have launched an international initiative aiming to reduce the global burden of hypertension, diabetes and obesity by 25% and to reduce the cardiovascular mortality by 25% by 2025.[@R17] A restructuring of health policy, long-term commitments[@R19] and a multi-pronged strategy comprising effective primary healthcare delivery and campaigns to promote healthy lifestyles are needed to combat the rising burden of non-communicable diseases.**[@R20]**

Limitations {#s4-1}
-----------

An important limitation of our study is the use of a single database, SOS Medecins Dakar, to study the epidemiological transition in morbidity. Despite this study being based on the largest database of emergency medical consultations in Senegal, the extent to which it is fully representative of healthcare utilisation in emergency medicine setting in West African urban settings is unclear as other emergency care services were not included in this study due to lack of documentation in these services. Data were derived from one city and it is possible that disease patterns and resource utilisation in other regions and more rural areas may be different. A further limitation is that 8.7% consultations could not be included in the analyses due to missing or incomplete diagnosis. However, we did not find any reason to assume these dropped terms may have differed from the total sample. These persons are similar in age, and proportion of men/women and African/non-African.

Conclusion {#s5}
==========

Using disease morbidity data over a decade in an emergency medicine setting, we have for the first time examined the epidemiological transition in a large Sub-Saharan African city. These data suggest a need for a focused reorientation of healthcare policy to combat the rising burden of non-communicable disease in Sub-Saharan Africa.
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